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Virtual worldsNumerous studies have explored the affordances of 3D virtual worlds. Although previous studies indicated that
virtual worldswould be helpful for experiential and collaborative learning through enhancing physical and social
presence, few studies have investigatedwhat determines physical and social presence andwhat are their roles in
learning and teaching in virtual worlds. The current study investigates the inﬂuences of individual differences
such as age, gender, and epistemological beliefs on physical and social presence. This study also investigates
the inﬂuences of physical and social presence on situational interest and perceived achievement in virtual
role-play. The role-play activity allowed pre-service teachers (n=151) to teach their peers in realistic classroom
contexts within Second Life and to reﬂect on their language use as teachers. This study found that pre-service
teachers' age and epistemological beliefs signiﬁcantly inﬂuenced their physical and social presence in the virtual
world. Thisﬁnding implies that physical and social presence are inﬂuenced not only by the representationalﬁdel-
ity of virtual worlds but also by individual differences. In addition, physical and social presence positively inﬂu-
enced situational interest and perceived achievement. More attention should be paid to the roles of physical and
social presence in teaching and learning in virtual worlds.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
A number of studies in recent years have explored the educational
affordances of 3D virtual worlds (VWs) like Second Life and Active
Worlds for innovative learning and teaching activities (Bronack, Riedl, &
Tashner, 2006; Dalgarno & Lee, 2010; Wang & Burton, 2013). VWs have
been effectively used for experiential learning (Jamaludin, Chee, & Ho,
2009), problem-based learning (Omale, Hung, Luetkehans, & Cooke‐
Plagwitz,, 2009), and role-play (Gregory & Masters, 2012). Downey,
Mohler, Morris, and Sanchez (2012) found that the visual affordances of
VWs enabled learners to “identify speakers better, focus and organize in-
formation better, and feel a stronger sense of connection with others”
(p. 1416) when compared to 2D online learning environments. Given
thewide use of VWs,we need to deepen our understanding of the educa-
tional affordances provided by them so as to design meaningful learning
activities in immersive virtual learning environments.
An important affordance of the VWs is to increase physical presence
(i.e., a sense of being there) and social presence (i.e., a sense of being
with another) through 3D avatars in an immersive environment. Both974@gmail.com (S.Y. Yim),
. This is an open access article undervirtual reality and VWs enable learners to have a sense of being in a vir-
tual environment; however, the former does not support social interac-
tion with other learners (Schroeder, 2008). Previous studies have
shown that physical and social presence inﬂuence how people learn
and what they learn from virtual learning activities (Bulu, 2012;
Garrison, Cleveland-Innes, & Fung, 2010; Wei, Chen, & Kinshuk, 2012).
When a person has high physical and social presence in a VW, he or she
may be more engaged in learning activities and interaction with others
due to the realistic contexts and supportive interpersonal relationships.
However, the roles of physical and social presence in virtual learning
activities have not been sufﬁciently investigated, although a number of
researchers have asserted that the physical and social presence are the
most prominent affordances of VWs (Dalgarno & Lee, 2010; de Freitas,
Rebolledo-Mendez, Liarokapis, Magoulas, & Poulovassilis, 2010;
Downey et al., 2012; Warburton, 2009). Although a few empirical stud-
ies (Bulu, 2012; Lee, Wong, & Fung, 2010; McCreery, Schrader, Krach, &
Boone, 2013) have provided signiﬁcant insights into how physical and
social presence inﬂuence learning activities in VWs, there is a critique
that presence in VWs does not play an important role in meaningful
learning and sometimes imposes a cognitive load that is detrimental
to the construction of knowledge (Moreno & Mayer, 2004; Whitelock,
Romano, Jelfs, & Brna, 2000). In addition, more attention should be
paid to the individual differences that determine the physical and socialthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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more likely to experience presence than others (Ausburn & Ausburn,
2008; Ling et al., 2013; Wallach, Saﬁr, & Samana, 2010).
2. Literature review
2.1. Physical presence in virtual worlds
Physical presence1 (also known as ‘presence’) is used to indicate a
sense of being in a virtual environment (Bulu, 2012; Slater, McCarthy,
& Maringelli, 1998; Witmer & Singer, 1998). According to Witmer and
Singer (1998), physical presence refers to “the subjective experience
of being in one place or environment, even when one is physically situ-
ated in another” (p. 225). When learners carry out a task in a VW, they
can pay attention to events in their physical world as well as in the VW.
The degree of physical presence depends on how much learners focus
on what is happening in the VW instead of the real world (Witmer &
Singer, 1998). In addition, learners are more likely to have the sense of
being in the VW when the environment is vivid and immersive and
when learners can interact with objects and characters in the VW
(Schifter, Ketelhut, & Nelson, 2012; Slater et al., 1998; Steuer, 1993).
Physical presence can be enhanced by representational ﬁdelity, includ-
ing realistic display of the environment, smooth change of views,
sounds providing directional or distance cues, and avatars representing
users (Dalgarno & Lee, 2010).
The inﬂuence of physical presence on learning and task performance
is not conclusive (Lee et al., 2010; Schuemie, Van Der Straaten, Krijn, &
Van Der Mast, 2001; Welch, 1999). Lee et al. (2010) investigated how
desktop virtual reality inﬂuences learning outcomes in a secondary
school science lesson, using a structuralmodel. They found that features
of 3D virtual reality, including representational ﬁdelity and immediacy
of control, positively inﬂuenced the sense of physical presence, which
in turn signiﬁcantly improved learning outcomes. This ﬁnding supports
the claim that increased physical presence in an immersive virtual envi-
ronment leads to active participation and meaningful learning
(Dalgarno & Lee, 2010; Witmer & Singer, 1998). Witmer and Singer
asserted “Because many of the factors involved in learning and perfor-
mance also increase presence, it would be very surprising indeed if
positive relationships between presence and performance were not
found” (p. 238).
However, Merchant et al. (2012) did not ﬁnd a signiﬁcant relation-
ship between physical presence and learning outcomes in an under-
graduate chemistry course, although they found that VW features had
an indirect inﬂuence on physical presence. Moreno and Mayer (2004)
also found that an immersive virtual environment (i.e., head-mounted
display) increased physical presence but did not lead to better learning
outcomes in terms of retention and transfer. They argued that
immersive virtual environments might increase extraneous cognitive
load, which in turn distracts learners from knowledge construction. It
is possible that learners unnecessarily pay attention to immersive stim-
uli that are not closely related to meaningful learning tasks.
2.2. Social presence in virtual worlds
Social presence refers to a sense of being with another in a virtual
environment (Biocca, Harms, & Burgoon, 2003). Short, Williams, and
Christie (1976) deﬁned social presence as “the degree of salience of
the other person in the interaction and the consequent salience of the
interpersonal relationships” (p. 65). Based on this tradition, Biocca
et al. (2003) redeﬁned social presence as “the sense of ‘being together
with another,’ including primitive responses to social cues, simulations
of ‘other minds,’ and automatically generated models of the1 In this paper, physical presence is interchangeable with presence. Although previous
studies used the term of presence more frequently than physical presence, this study in-
tends to use consistently the latter in order to distinguish it from social presence.intentionality of others” (p. 459). In this deﬁnition, the others that
learners experience in VWs are usually representations of an instructor,
other learners, or artiﬁcial intelligence technologically mediated via 3D
avatars, text, images, video, and virtual human agents (Biocca et al.,
2003).
Although there are diverse approaches to social presence, literature
of online learning and VWs has emphasized three key concepts: co-
presence, intimacy, and immediacy (Bulu, 2012; Garrison & Arbaugh,
2007;Wei et al., 2012). Co-presence refers to a sensory awareness of an-
other being in the same virtual space, and the sense of being together is
enhanced when learners are mutually aware each other (Biocca et al.,
2003; Goffman, 1959). In addition, social presence requires psychologi-
cal involvement, including intimacy and immediacy, beyond the mere
awareness of another (Biocca et al., 2003). Even if learners see a 3D av-
atar that is standing near their own avatar in a VW, they may not have
the sense of being together if the avatar does not move, make gestures,
talk with other avatars, or show any intelligent behaviors. Interpersonal
relationships develop based on a sense of intimacy (i.e., perception of a
close, bonded, and comfortable relationship with others) and immedia-
cy (i.e., perception of intensity and directness in interaction with
others), which are inﬂuenced by verbal and non-verbal behaviors as
well as the quality of communication technologies (Bulu, 2012; Short
et al., 1976; Wei et al., 2012).
It is highly plausible that learners will actively engage in interactive
learning activities in a VWwhen the level of social presence is high in a
group of learners. Garrison et al. (2010) found that social presence
positively inﬂuenced aspects of cognitive presence, such as learning and
inquiry process. Wei et al. (2012) also found that aspects of social pres-
ence, such as co-presence, intimacy, and immediacy, positively
inﬂuenced learning interaction, which in turn determined learning out-
comes in online classrooms. In the study by Bulu (2012), social presence,
which was found to be positively correlated with physical presence, sig-
niﬁcantly inﬂuenced satisfactionwith virtual role-play (VRP). These ﬁnd-
ings support the assertion that social presence plays an important role in
learning processes and outcomes as well as learners' satisfaction.
However, Omale et al. (2009) found that VWs were beneﬁcial only
for social presence, not cognitive presence, in problem-based learning.
From their analysis of learning process transcripts, they found three
times more social presence themes (68%) than cognitive presence
themes (22%). The VW provided a more relaxing context that allowed
students to share their personal experience and ideas but distracted
attention from the learning task. Students rarely discussed possible
solutions to ﬁnalize their plan beyond simply sharing their ideas. The
increased social presence in the VWdid not enhance the cognitive pres-
ence thatwas crucial formeaningful learning. Thesemixed results show
that more attention should be paid to how social presence inﬂuences
interactive learning processes and outcomes.
2.3. Individual differences in virtual learning activities
VWs have affordances to increase physical and social presence that
can be helpful for interactive learning (Dalgarno & Lee, 2010). However,
the features of VWs do not inﬂuence learning in isolation. Learners may
experience different levels of physical and social presence and partici-
pate in virtual learning activities in a different way (Ausburn &
Ausburn, 2008; Salzman, Dede, Loftin, & Chen, 1999; Schuemie et al.,
2001). Literature of virtual environments showed that physical pres-
ence is closely related to individuals' characteristics, like immersive ten-
dencies (Bulu, 2012; Schuemie et al., 2001;Witmer & Singer, 1998). The
current study is particularly interested in learners' gender, age, and
epistemological beliefs, the inﬂuences of which have not been sufﬁ-
ciently investigated in regard to physical and social presence in VWs.
Ausburn and Ausburn (2008) found that age played an important
role in learning from 3D virtual reality. The beneﬁts of the virtual reality
for task performance and conﬁdence were larger for the younger age
group (18–35 years old) than for the older age group (36–60 years
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(Prensky, 2001), or the net generation (Allmendinger, 2010), may have
higher self-efﬁcacy and more positive attitudes toward virtual learning
activities than the older age group. Learners of the new generation who
have grown up in a technology-pervasive environment may be more
proﬁcient in using the new virtual technology for meaningful learning
than learners of earlier generations; however, this prediction should
be examined further because there are diverse learners with different
attitudes, skills, and self-efﬁcacy toward cutting-edge technologies
within the new generation (So, Choi, Lim, & Xiong, 2012).
In addition, previous studies have shown mixed results regarding
the role of gender in learning and task performance in 3D virtual envi-
ronments. A few studies found that females were more inﬂuenced by
the change of objects in a 3D virtual classroom (Cheryan, Meltzoff, &
Kim, 2011) and by augmented gaze in a collaborative virtual environ-
ment (Bailenson, Beall, Loomis, Blascovich, & Turk, 2005) when com-
pared to males. Moreover, Ausburn and Ausburn (2008) found that
the effect of virtual reality was larger for females than for males when
it came to task performance and conﬁdence. It is possible that VWs
meet the needs of female learners more than those of male learners
by enhancing the strengths of female learners (e.g., social sensitivity)
or reducing a gap between a task requirement and their competency
(e.g., visuospatial skills). However, a few studies found no signiﬁcant in-
ﬂuence of gender on learning activities in 3D virtual environments
(Kim, 2006; Schifter et al., 2012). For instance, Schifter et al. (2012)
found that there was no signiﬁcant difference between male and
female students in regard to physical presence in a virtual game
environment.
Epistemological beliefs refer to “beliefs about the nature of knowl-
edge and the processes of knowing” (Hofer & Pintrich, 1997, p. 117).
Learners with more advanced epistemological beliefs tend to think
that knowledge, which is relative and complex, is constructed by
learners themselves, whereas learnerswith less advanced epistemolog-
ical beliefs assume that knowledge,which is absolute and simple, is pro-
vided by authorities such as experts, teachers, and parents (Hofer &
Pintrich, 1997; Kuhn, Cheney, & Weinstock, 2000). Recently, a number
of studies have shown that epistemological beliefs play an important
role in online learning activities (Tsai, 2004), peer interaction (Cho,
Lee, & Jonassen, 2011), argumentation (Nussbaum, Sinatra, & Poliquin,
2008), and student-centered learning (Windschitl & Andre, 1998).
VWs provide authentic and complex environments, and virtual learning
activities require learners to make connections between experience in
VWs and learning contents in school. Learners who consider knowledge
as complex and interrelated ideas may be more engaged in virtual
learning activities than learnerswho view knowledge as simple and iso-
lated facts. In addition, learners have a lot of autonomy in deciding their
behaviors, interacting with others, and creating artifacts in a VW. This
open-ended virtual environment may be more beneﬁcial for learners
who believe that knowledge is constructed by learners than those
who believe that knowledge is transmitted from an authority. Although
this hypothesis has seldom been investigated empirically, a few studies
have explored the relationship between locus of control and presence in
virtual reality (Ling et al., 2013; Wallach et al., 2010). In the study by
Wallach et al. (2010), for instance, people who felt that they controlled
events in their lives (i.e., internal locus of control) were more likely to
experience presence through active interaction with the 3D virtual en-
vironment. Similarly, learners who believe that they are the source of
knowledge may actively explore VWs and interact with other avatars,
which in turn will promote physical and social presence.
3. The present study
This study aimed to develop amore in-depth understanding of phys-
ical and social presence in 3D virtual classrooms where pre-service
teachers carried out virtual role-play (VRP). The virtual classrooms
were placed in Second Life, an immersive VW developed by LindenLab. The VRP allowed learners to adopt the perspectives of different
characters and interact with other group members through avatars in
a realistic situation. Previous studies have shown that 3D VWs provide
realistic contexts for VRP, which is beneﬁcial for academic and affective
achievements (Cheong, 2010; Jamaludin et al., 2009). In an exploratory
study by Vasileiou and Paraskeva (2010), teachers who participated in
VRP perceived that a VW was more comfortable and enjoyable for
role-playing than a real classroom. In addition, Cheong (2010) found
that pre-service teachers improved their personal teaching efﬁcacy
when they collaboratively prepared and reﬂected on a lesson that
they carried out in a 3Dvirtual classroom. Speciﬁcally, this study intends
to investigate the following research questions:
(1) What are the inﬂuences of age, gender, and epistemological be-
liefs on physical and social presence in VRP?
Individual differences would play an important role in creating
physical and social presence (i.e., co-presence, intimacy, immedi-
acy) in VWs. Salzman et al. (1999) argued that the features of an
immersive virtual environment do not inﬂuence learning in iso-
lation. Literature shows mixed results about the roles of age
and gender in 3D virtual learning activities, and few studies
have investigated the role of epistemological beliefs in VWs.
This study predicted that age, gender, and epistemological beliefs
would inﬂuence physical and social presence in the VRP.
(2) What are the inﬂuences of physical and social presence on situa-
tional interest and perceived achievement in VRP?
Situational interest refers to “an immediate affective response to
certain conditions and/or stimuli in the learning environment
that focuses one's attention on the task, which may or may not
last over time” (Rotgans & Schmidt, 2011, p. 58). Learnerswho ex-
perience high physical and social presence will have more
situational interest in the VRP and will not be distracted by events
outside of the VW. In addition, this study predicted positive inﬂu-
ences of the physical and social presence on perceived achieve-
ment, although previous studies showed mixed results regarding
the inﬂuences of physical and social presence on learning in 3D
immersive environments (e.g., Bulu, 2012; Lee et al., 2010;
Merchant et al., 2012; Moreno & Mayer, 2004; Omale et al.,
2009). Physical and social presence would be necessary for learn-
ing through theVRP inwhich learners play the roles of teacher and
secondary school student in authentic classroom contexts.
4. Method
4.1. Participants
Participants in the study were pre-service teachers enrolled in nine
tutorial groups of the English Language and Literature course at a
university in Singapore. They were fourth-year students who intend to
become primary school teachers in a half-year upon completion of
their education degree. This research was carried out as part of the
coursework pertaining to Language Across the Curriculum (LAC).
Although 151 pre-service teachers were enrolled in the course, 10
who did not return a consent form on data collection and 13 who did
not complete surveys and learning tasks were excluded from the data
analysis. As a result, data of 128 pre-service teachers, 102 females
(79.7%) and 26 males (20.3%), were analyzed. The mean age was
24.83 (SD = 4.12), ranging from 21 to 44. The predominant ethnic
group was Chinese (n = 89), followed by Malay (n = 25) and Indian
(n= 12).
4.2. Learning environments
In the course, pre-service teachers were taught the current trends in
language education for upper primary school students. The research
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tives of the course included explaining key underlying concepts in
LAC, developing a critical understanding of language and concepts,
and exploring ways to implement LAC in a school setting. The course
consisted of not only a lecture session in which an instructor taught
the concepts and principles of LAC but also a tutorial session in which
students carried out role-playing activities by applying LAC principles
and reﬂected upon their experience. The VRP was conducted in a
computer lab with each participant using a computer connected to the
Internet during the tutorial session.
For this study, a virtual primary school was designed and developed
in Second Life as shown in Fig. 1. The virtual primary school was a three-
story building with eight classrooms. The classrooms were designed to
provide an authentic context for the VRP. Texts and pictures closely
related to teaching contents (e.g., solar system) were embedded in the
virtual classrooms so that participants could use the information and
decorations for their teaching during the VRP. In addition, animation
effects such as sitting on a chair, raising a hand, chatting, sleeping, writ-
ing, and reading were added to the chairs in the virtual classroom.
Researchers provided participants with teacher and student outﬁts for
bothmale and female avatars. Using the outﬁts, participants could easily
change their avatars into a student or teacher according to their role in
the VRP. Participants carried out the VRP in groups of four or ﬁve, using
text-based chat in Second Life to communicate with others. In order to
help participants focus on their own group role-playing, group chat
was used, with themessages being shared only within the group, as op-
posed to local chat inwhichmessages are sharedwith everyone nearby.4.3. Procedure
The studywas carried out in the tutorial session (50min per session)
for three weeks. In the ﬁrst week, participants were provided with an
introductory presentation on the characteristics of Second Life. They
also conducted hands-on activities to learn basic Second Life skills,
such as moving their avatars, text-based communication, camera con-
trol, group chatting, changing avatars to a student or teacher, and
using animation. A researcher provided participants with technical sup-
port during the hands-on activities. In addition, participants received a
role-playing task that required them to teach other group members by
applying LAC principles (e.g., language is a tool for conceptualizing
and linking information) that were taught in a lecture session. Partici-
pants selected one of three instructional topics: adding and subtracting
fractions and mixed numbers (mathematics), the solar system
(science), and piracy in the Straits Settlements (social studies). For
each topic, participants were given a text that included teaching con-
tents andproblems andwere asked to prepare amini-lesson on the cho-
sen topic. Lastly, an online survey was carried out in regard to the
demographic information and epistemological beliefs of participants.Fig. 1. Virtual primary scIn the secondweek, participants engaged in a role-playing activity in
a face-to-face setting. For this activity, four to ﬁve group members sat
around a table, while one person taught the others about the topic
that he or she had chosen. Participants were asked to change their
roles every 5 min. After all group members had played the role of a
teacher, participants were asked to reﬂect on their role-playing activi-
ties in the virtual classroom, using the text-based group chat. The reﬂec-
tion activity was carried out in Second Life to help participants become
familiar with interaction in the VW. In addition, LAC principles were
presented on a blackboard in the virtual classroom in order to support
reﬂection. Based on the group reﬂection, participants were asked to
revise their mini-lesson for the VRP.
In the third week, participants carried out role-playing activities in
Second Life. The procedure was the same as that in the second week,
and participants were encouraged to change their avatars before
playing the role of a teacher. Right after the VRP activities, participants
took online surveys regarding physical and social presence, situational
interest, and perceived achievement. These activities were all carried
out in a computer lab, and participants had freedom to decide the be-
haviors and outﬁts of their avatars during the VRP. The chat logs of the
VRP activities were collected after the class and sent back to the groups
for reﬂection on their activities.4.4. Research instrument
The online survey items were selected or modiﬁed from previous
studies on epistemological beliefs (Buehl & Alexander, 2005), physical
presence (Slater et al., 1998), social presence (Wei et al., 2012) and sit-
uational interest (Rotgans & Schmidt, 2011). We also developed survey
items on demographic information and perceived achievement in
regard to learning objectives of LAC. All responses were rated on a
Likert-type 7-point scale (1: strongly disagree, 7: strongly agree), and
the reliability (Cronbach's alpha) of the survey items ranged from .6 to
.92 as shown in Appendix A.
Epistemological beliefs about the structure and source of knowledge
were measured by modifying survey items in the study of Buehl and
Alexander (2005). The survey items were developed to measure episte-
mological beliefs in mathematics and history. Exploratory factor analysis
was carried out with seven items regarding epistemological beliefs (see
Appendix A), using the principal axis factoring method with the oblimin
rotation. From the analysis, two factors were extracted, and their eigen-
values were above 1. The ﬁrst factor consisting of three items indicated
beliefs about the source of knowledge and explained 30.6% of the total
variance (Cronbach's alpha = .6). The second factor, consisting of four
items, indicated beliefs about the structure of knowledge and explained
22% of the total variance (Cronbach's alpha = .61). There was no signiﬁ-
cant difference among subjects chosen byparticipants in regard to the be-
liefs about the structure and source of knowledge (ps N .05).hool in Second Life.
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Slater et al. (1998). They deﬁned physical presence as a psychological
and subjective sense, “what an individual will express in response to
questions about being there” (p. 469). In the current study, four items
were used to measure the degree to which participants felt that they
were in the virtual classroom (Cronbach's alpha = .64). The items of
social presence were modiﬁed from Wei et al. (2012). Although Wei
et al. reported very high reliabilities (Cronbach's alpha) for the items
of co-presence (.9), intimacy (.88), and immediacy (.89), the current
study eliminated four items that caused lower internal consistency. An
exploratory factor analysis was conducted with eight items of social
presence, using the principal axis factoringmethodwith the oblimin ro-
tation. Three factors whose eigenvalues were above 1 were extracted
through exploratory factor analysis. The ﬁrst factor, consisting of three
items, indicated intimacy and explained 51.7% of the total variance
(Cronbach's alpha = .92). The second factor, consisting of three items,
was immediacy and explained 15.1% of the total variance (Cronbach's
alpha = .73). The last factor, including two items, indicated co-
presence and explained 12.9% of the total variance (Cronbach's
alpha = .7).
To investigate the role of physical and social presence in VRP, the
current studymeasured situational interest and perceived achievement.
Four items of situational interest were slightly modiﬁed from the study
by Rotgans and Schmidt (2011), and the reliability of the items was
substantial (Cronbach's alpha = .75). In addition, we developed four
items on perceived achievement regarding the learning objectives of
the course: understanding of LAC and application of LAC principles for
effective teaching. The reliability of the survey items was high
(Cronbach's alpha = .84).
5. Results and discussion
In the data analysis, the current study used mean scores for each of
the variables in order to maintain the same scale for all measures re-
gardless of the number of items. Pearson's correlation analyses were
conducted to examine relationships amongphysical presence and social
presence. As shown in Table 1, there were signiﬁcant correlations
among co-presence, intimacy, and immediacy. In addition, physical
presence was signiﬁcantly correlated with co-presence (r = .43,
p b .001), intimacy (r = .44, p b .001), and immediacy (r = .41,
p b .001). Participants who had a stronger sense of being in a virtual
classroom were more likely to have a sense of being together with
others in the virtual classroom (co-presence), a close and comfortable
relationship with others (intimacy), and a positive perception about
the intensity and directness of interaction with others (immediacy).
This result is consistentwith previous studies that found a positive rela-
tionship between physical and social presence in virtual environments
(Biocca et al., 2003; Bulu, 2012; Slater, Sadagic, Usoh, & Shroeder, 2000).
5.1. Individual differences in physical and social presence
Multiple regression analyses were conducted to examine how pre-
service teachers' gender, age, and epistemological beliefs inﬂuence
their physical and social presence. Two types of epistemological beliefs
(structure and source) and backgroundvariables (gender and age)were
included as independent variables. The multiple regression model forTable 1
Correlation between physical presence and social presence.
M SD Co-presence Intimacy Immediacy
Social presence Co-presence 4.53 1.29
Intimacy 4.21 1.56 .53⁎⁎
Immediacy 5.27 1.10 .32⁎⁎ .50⁎⁎
Physical presence 4.10 1.05 .43⁎⁎ .44⁎⁎ .41⁎⁎
⁎⁎ p b .001.physical presence indicated that individual differences explained 7% of
the variance in the model, R2 = .07, F(4, 121) = 2.36, p = .057. The
predictors explained 5% of the variance in the co-presence model,
R2 = .05, F(4, 122) = 1.68, p= .158, 7% of the variance in the intimacy
model, R2 = .07, F(4, 122) = 2.38, p = .056, and 11% of the variance in
the immediacymodel, R2= .11, F(4, 122)=3.57, p= .009. Individual dif-
ferences signiﬁcantly inﬂuenced immediacy and marginally inﬂuenced
physical presence and intimacy, although the inﬂuence of individual dif-
ferences on co-presence was not signiﬁcant.
As shown in Table 2, beliefs about knowledge structure signiﬁcantly
inﬂuenced physical presence, β= .23, p= .012, co-presence, β= .21,
p= .023, and immediacy, β= .3, p= .001. In addition, intimacy was
marginally inﬂuenced by beliefs about knowledge structure, β= .18,
p= .056. The more participants perceived knowledge as complex and
interrelated ideas, the more they had the sense of being in the virtual
classroom and socially interacting with others. This result is consistent
with the assertion that online learning environments that include di-
verse and complex pieces of knowledge are more beneﬁcial for learners
withmore advanced epistemological beliefs than for the others (Mason,
Ariasi, & Boldrin, 2011; Tsai, 2004). The participants who believe that
the VRP was closely related with what they learned in a lecture or
what they would experience as a teacher in school might pay more
attention to the events in a virtual classroom and to interaction with
others; however, beliefs about knowledge source had no signiﬁcant
inﬂuence on physical and social presence (ps N .05). In this study, beliefs
about knowledge structure playedmore important roles in physical and
social presence than beliefs about knowledge source.
The current study also found that the age of participants played a sig-
niﬁcant role in physical and social presence. Age negatively inﬂuenced
physical presence, β=− .19, p = .043 and intimacy, β=− .22, p =
.018. Younger participants had a stronger sense of being in the virtual
classroom and a closer relationship with others than older participants.
In addition, there was a marginal inﬂuence of age for immediacy,
β=− .16, p= .072. This result is consistent with the prediction that
the VW is more beneﬁcial for the younger age group known as digital
natives (Prensky, 2001) than for the older age group (Ausburn &
Ausburn, 2008). Younger learners who frequently use new technologies
(e.g., digital games) in their everyday lives may be more familiar with
the 3D VW than older learners.
This study did not support the prediction that gender would inﬂu-
ence physical and social presence (ps N .05). A few studies have
shown that 3D virtual environments have more of an inﬂuence on
female learners than on male ones (Ausburn & Ausburn, 2008;
Bailenson et al., 2005; Cheryan et al., 2011), whereas other studies
foundnogender difference (Kim, 2006; Schifter et al., 2012) ormore ad-
vantages of the VW for males than females (Lin, Tutwiler, & Chang,
2012). Lin et al. found thatmales navigated a 3DVWfaster than females,
which marginally inﬂuenced content knowledge gains from virtual
learning activities. They argued that “females may be disadvantaged
by theuse ofﬁrst-person virtualworlds thatmodel thedesign standards
of those commonly used by their male peers (most popular video
games)” (p. E63). In this study, however, therewas no signiﬁcant differ-
ence between female and male students in regard to physical presence
in a VW. More research is needed to investigate factors that moderate
the effect of gender on physical and social presence in VWs (e.g., Lin,
Tutwiler, & Chang, 2011).
5.2. Inﬂuences of physical and social presence in virtual role play
This study investigated the roles of physical and social presence in
learning from VRP activities. Hierarchical regression analyses were car-
ried out to examine whether physical and social presence inﬂuenced
situational interest and perceived achievement after controlling for
variables of individual differences (i.e., gender, age, epistemological be-
liefs). First, a hierarchical regression analysis showed that physical and
social presence signiﬁcantly inﬂuenced situational interest. As shown
Table 2
Results of multiple regression models of physical and social presence.
Physical presence Social presence
Co-presence Intimacy Immediacy
Variables B SE B β B SE B β B SE B β B SE B β
Gender − .19 .24 − .07 − .13 .29 − .04 − .17 .35 − .05 − .33 .24 − .12
Age − .05 .02 − .19⁎ − .01 .03 − .03 − .08 .04 − .22⁎ − .04 .02 − .16†
EB—structure .35 .14 .23⁎ .40 .17 .21⁎ .40 .20 .18† .48 .14 .30⁎⁎
EB—source − .03 .10 − .02 − .19 .12 − .15 − .19 .14 − .12 − .11 .10 − .10
R2 .07 .05 .07 .11
Note. EB: epistemological belief.
⁎⁎ p b .01; ⁎ p b .05; † p b .10.
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by the individual differences such as gender, age, and two epistemolog-
ical beliefs in Step 1, R2 = .06, F(4, 121) = 1.94, p= .109. Beliefs about
knowledge structure signiﬁcantly predicted situational interest, β =
.23, p= .015. In Step 2, the introduction of physical and social presence
explained additional 48% of the variance, ΔR2 = .48, ΔF(4, 117) = 30.21,
p b .001. Physical presence, β= .26, p= .001, and immediacy, β= .47,
p b .001, positively inﬂuenced situational interest. The inﬂuence of inti-
macy on situational interest was marginally signiﬁcant, β= .14, p =
.088. There was no signiﬁcant effect of individual differences on
situational interest in the Step 2 model (ps N .05).
In addition, physical and social presence signiﬁcantly inﬂuenced
perceived achievement. The results of the hierarchical multiple regres-
sion analysis for variables predicting perceived achievement in the
VRP is shown in Table 4. In Step 1, individual difference variables
accounted for 6% of the variance in perceived achievement, R2 = .06,
F(4, 121) = 1.83, p = .128. In Step 2, the physical and social presence
explained additional 37% of the variance in perceived achievement,
ΔR2 = .37, ΔF(4, 117) = 18.66, p b .001. Beliefs about knowledge source
were a positive predictor for perceived achievement, β = .27, p =
.009. This result supports the prediction that participants who believe
that they construct their own knowledge will learn more from the
VRP than those who believe that knowledge comes from an authority.
In addition, physical presence, β = .21, p = .013, and immediacy,
β= .5, p b .001, signiﬁcantly inﬂuenced perceived achievement.
From these analyses, this study found that physical presence and im-
mediacy played a critical role in both situational interest and perceived
achievement. These ﬁndings support the prediction that the enhance-
ment of physical and social presence in VWswill contribute to the learn-
ing process and knowledge gains (Bulu, 2012;Dalgarno& Lee, 2010; Lee
et al., 2010; Witmer & Singer, 1998). Although a few studies found no
signiﬁcant relationship between physical presence and learning out-
comes (Merchant et al., 2012; Moreno & Mayer, 2004), the current
study found that physical presence had a positive inﬂuence on situa-
tional interest and perceived achievement. Pre-service teachers whoTable 3
Results of hierarchical multiple regression analysis for variables predicting situational
interest.
Variables Step 1 Step 2
B SE B β B SE B β
Gender − .25 .26 − .09 − .02 .18 − .01
Age − .04 .03 − .14 .01 .02 .02
EB—structure .37 .15 .23⁎ − .03 .11 − .02
EB—source − .02 .11 − .02 .07 .08 .06
Physical presence .28 .08 .26⁎⁎
SP—co-presence .05 .07 .06
SP—intimacy .11 .06 .14†
SP—immediacy .50 .08 .47⁎⁎
R2 .06 .54
F 1.94 17.01 ⁎⁎
Note. EB: epistemological belief, SP: social presence.
⁎⁎ p b .01; ⁎ p b .05; † p b .10.felt that they were in the virtual classroom were more likely to enjoy
and focus on the VRP, which might lead to more knowledge gains (Lee
et al., 2010). This ﬁnding implies that physical presence is necessary
for learning through VRP.
Immediacy as psychological involvement played an important role
in the VRP. This ﬁnding is consistent with the assertion that learners
are more engaged in collaborative interaction and knowledge construc-
tion when they are supported and encouraged by other learners (Bulu,
2012; Garrison et al., 2010; Wei et al., 2012). However, co-presence
did not signiﬁcantly inﬂuence the situational interest or perceived
achievement. This result is consistent with Bulu's study (2012), which
found that co-presence did not signiﬁcantly predict satisfaction of VRP
activities in Second Life. Even if learners are aware of other learners in
the same virtual space, they may not actively engage in learning activi-
ties unless they have psychological involvement with others (Biocca
et al., 2003). This study also found that the perception of directness
and intensity in interaction with others (i.e., immediacy) played a
more important role than the perception of an emotionally close and
comfortable relationship with others (i.e., intimacy) in the VRP. Never-
theless, it should be noted that immediacy is signiﬁcantly correlated
with co-presence and intimacy. It is not feasible to increase immediacy
in the VRPwhen both co-presence and intimacy are low. These ﬁndings
imply that learning activities in VWs should be carefully designed to in-
crease social presence, particularly immediacy in interaction with other
learners. For instance, instructors can encourage learners to share their
common goals and build positive interdependence in which the actions
of each learner contribute to the achievement of joint goals (Johnson &
Johnson, 2009). These activities will help learners to intensively and
directly interact with each other in VWs beyond building comfortable
relationships with other group members.
6. Conclusion
A growing number of researchers have explored the educational
uses of 3D VWs, which are more likely to encourage physical and socialTable 4
Results of hierarchical multiple regression analysis for variables predicting perceived
achievement.
Variables Step 1 Step 2
B SE B β B SE B β
Gender − .16 .21 − .07 .01 .17 .00
Age − .03 .02 − .13 .00 .02 − .02
EB—structure .21 .12 .16 − .09 .10 − .07
EB—source .12 .09 .13 .19 .07 .20⁎
Physical presence .19 .07 .21⁎
SP—co-presence .10 .06 .14
SP—intimacy − .04 .06 − .07
SP—immediacy .43 .07 .50⁎⁎
R2 .06 .42
F 1.83 10.78 ⁎⁎
Note. EB: epistemological belief, SP: social presence.
⁎⁎ p b .01; ⁎ p b .05; † p b .10.
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et al., 2012). Nevertheless, few studies have investigated the factors that
inﬂuence physical and social presence and their roles in meaningful
learning in VWs. The current study aimed to deepen our understanding
of physical and social presence in VRP.
This study found that age and epistemological beliefs signiﬁcantly
inﬂuenced both physical and social presence. In the VRP, pre-service
teachers played the roles of teacher and student with 3D avatars so as
to improve their language use for teaching. Although this embodied
activity was carried out by each participant in the same virtual environ-
ment, therewere signiﬁcant individual differences in physical and social
presence. Age and beliefs about knowledge structure signiﬁcantly inﬂu-
enced participants' sense of being in the VW and socially interacting
with other participants. Before this study, younger participants might
have more experience in 3D VWs and digital games as compared to
older participants (Ausburn & Ausburn, 2008). In addition, the belief
that knowledge is complex and interrelated was more consistent with
the VRP than the belief that knowledge is simple and isolated. These
individual differences should be carefully considered when designing
and implementing the learning activities in VWs.
Physical and social presence in the VW played important roles in
facilitating situational interest and perceived achievement. This ﬁnding
supports the use of VWs, as 3D immersive virtual environments, for
educational purposes. Although there is a critique thatVWs impose a cog-
nitive load detrimental to knowledge acquisition (Moreno & Mayer,
2004; Whitelock et al., 2000), VWs can positively inﬂuence meaningful
learning by increasing the physical and social presence of learners.
This study has a limitation in measuring learning outcomes because
it used a self-reported survey. Participants may over- or underestimate
their achievement in VRP. In future studies, it will be necessary to assess
learning outcomes from multiple aspects (e.g., knowledge acquisition,
performance, transfer) with valid and reliable instruments. In addition,
future research is needed to generalize this study's ﬁndings in diverse
contexts and to explore instructional strategies that would encourage
physical and social presence in VWs. For instance, it is necessary to
investigate which verbal or non-verbal behaviors of avatars are closely
related to physical and social presence in VWs (Allmendinger, 2010;
McCreery et al., 2013). Presencemay depend not only on individual dif-
ferences but also on learning experience and peer interaction, which an
instructor can design. Teachers and instructional designers also need to
address the concern that students get easily distracted by stimuli that
are irrelevant to learning (i.e., extraneous cognitive load) in VWs
(Moreno & Mayer, 2004; Sierra, Gutierrez, & Garzon-Castro, 2012). It
is highly recommended that future studies investigate how the design
of learning activities and environments inﬂuences cognitive loads as
well as physical and social presence. These factors may mediate the
inﬂuence of VWs on learning process and outcomes. VWs will promote
meaningful learningwhen learning activities are effectively designed to
meet the needs of learners and make the most of VW affordances that
increase physical and social presence.
Appendix A
Survey items and Cronbach's alpha coefﬁcients.Variables Items Cronbach's
alpha1. Epistemological beliefs
1-1. Structure • There are links between this subject and
other subjects.
• Knowledge learned in this subject is useful
outside of school.
• It is important for students to integrate new
knowledge in this subject with what they
already know.
• This subject is unrelated to day-to-day life. *.61-2. Source .61ppendix A (continued)Variables Items Cronbach's
alpha• If my personal ideas in this subject conﬂicts
with ideas in a textbook, the book is probably
right. *
• Sometimes I just have to accept answers from
the experts in this subject, even if I don't
understand them. *
• If I read something in a textbook for this
subject, I can be sure it is right. *2. Physical presence • I had the sense of being in the virtual
classroom.
• The virtual classroom seems to be like
somewhere that I visited.
• I often realized that I was not actually in
the virtual classroom. *
• I felt like sitting at a desk in the virtual
classroom..643. Social presence
3-1. Co-presence • I was aware of others' presence in the
virtual classroom.
• I felt others close to me in the virtual
classroom..73-2. Intimacy • I had a warm and comfortable relationship
with others in the virtual classroom.
• I received considerable emotional support
from others in the virtual classroom.
• I felt emotionally close to others in the
virtual classroom..923-3. Immediacy • I found myself not treated fairly by others
in the virtual classroom. *
• I found myself encouraged by others in the
virtual classroom.
• I found myself assisted by others in the
virtual classroom..734. Situational interest • I was fully focused on tasks in the virtual
classroom.
• I was not distracted by other things in the
virtual classroom.
• I felt bored with activities in the virtual
classroom. *
• I enjoyed teaching students in the virtual
classroom..755. Perceived
achievement• I achieved the learning goal of applying
LAC principles into my teaching.
• I have improved my talk as a teacher.
• I have developed competence in using
language to support students' mental
activities.
• My competence was not improved in
teaching contents through language. *.84Note. * Responses were reverse coded.
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